PROGRESS ON MUON IONIZATION

COOLING DEMONSTRATION

WITH MICE

Time-of-flight Variable thickness
hodoscope 1 high-Z diffuser Absorber/focus-coil
(TOF 0) module
Upstream Downstream
spectrometer module spectrometer module
MICE Electron
Mu on RMuon
anger
('fneﬁ'é') (EMR)
A
Liquid-hydrogen T
Cherenkov TOF 1 absorber
counters Pre-shower
(CKOV) Scintillating-fibre (KL)
MICE trackers ToF 2

Figure 1: Schematic layout of the MICE cooling channel. Magnet coils are shown in red, the absorber in blue and the various

detetectors are individually marked.

INTRODUCTION

The MICE experiment consists of an upstream
beamline to capture pions emitted from the titanium
target, and focus the produced muons into a cooling
channel. The cooling channel (Figure 1) consists of 12
individually powered solenoid magnets,
symmetrically placed up- and downstream of an
absorber chamber which could be configured
depending on the beam momentum and required beta-
function. Upstream and downstream particle ID (PID)
detectors are used to improve the reconstruction
algorithms and reject pion and electron contamination
within the beam. A range of absorbers were used
during data taking including an empty drift space (no
absorber), a 65 mm-thick lithium hydride disk (LiH),
and a 22-1 liquid hydrogen vessel (LH2).
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Figure 2: Evolution of the fractional emittance (9%) along the
length of the cooling channel. 9% is the fraction of the beam
particles contained in the RMS ellipse in 4D representing the

core of the beam. Absorber material: LiH.
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RECONSTRUCTION

The muon beam emittance was calculated by
constructing the covariance matrix, ., using the
covariances, 0qp, of the position and momentum
components of the individual muon tracks:
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The 4-dimensional normalised transverse

emittance, €4p, of the beam can then be calculated
using the determinant of the covariance matrix and the
Mmuon mass, 17,
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The single particle amplitude, A | , at a point
v = (z,psz, Y, Dy) in phase-space can be defined as the
square of the distance between v and the centre of the
distribution 1n the phase-space normalised to the
covariance matrix, weighted by the distribution's
emittance. It estimates the emittance of a beam, which
1s characterised by an ellipse which passes through
that point. It is calculated as

A = esp (U — @)TE_l(v — ?7),
Events were selected with a time-of-flight consistent
with a muon of momentum 140+/-5 MeV that did not
cross any hard apertures that could cause scraping.
The reconstructed upstream tracks were required to
have good chi-square per degree of freedom values
and be fully contained within the tracking volume. If a
corresponding downstream track was also found it
was subjected to the same goodness of fit criteria.

LiH

—— Data

MICE Preliminary [

1.45 i

MICE Preliminary [

| Stat. Error

o
ISIS User Runs 2017/02 and 2017/03 s Sys. Error

MICE Preliminary

6-140

/7CooHng!

RAmp

MICE Preliminary |

MICE Preliminary [

MICE Pre}iminary

10-140 ~94%
/Transmission

/40 20 40

Scrapmg

Figure 4: Comparison of the ratio of cumulative amplitude distributions, R 5., for the two initial emittances and

three absorber configurations. Bins that deviate from a flat distribution demonstrate areas of migration.
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Figure 3: Distributions of the upstream (a) and downstream (b)
position (top) and momentum (bottom) parameters in x (left)
and y (right) for the LH2 data. All show good agreement

between data and simulation.

EMITTANCE EVOLUTION

The distribution of amplitudes for the up- and
downstream samples were integrated from zero, bin-
by-bin to produce the cumulative distributions. The
ratio of the cumulative distributions (R4, 18

indicative of particle migration. As seen in Figure 4,
the No absorber case demonstrates the effects of
scraping, as muons at medium/high amplitudes
migrate outwards and are lost.

The LH?2 and LiH cases demonstrate a clear increase
in the particle density in the core of the beam, which is
a signal of ionization cooling, a direct consequence of
the presence of an absorber material in the cooling
channel.
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